The use of Commercial-Off-The-Shelf (COTS) 
Introduction
COTS-based development has become more and more important in actual software and system development. COTS-usage promises faster time-to-market and increased productivity [4] . However, COTS-based software introduces several risks, such as unknown quality properties, or economic instability of COTS component vendor etc. [5] .
Typically, COTS-based development consists of several elements. The first phase, i.e. COTS component selection, is regarded as the most crucial. Several formal selection processes and decision making methods have been proposed to support the selection and evaluation of COTS components. However, most previous studies on COTS components were based on large projects and partly on military projects. It is therefore important to investigate how these methods can be or are being used in small and medium sized projects and in other application domains. The goal of this study is to design more customized and cost-effective processes.
We used structured interviews to investigate selection process for COTS components in 16 software development projects in 13 companies in Norway. This study contributes not only the investigation of the stateof-practice of processes used in COTS component selection, but also the generalization of the underlying reasons of using or not using them.
The paper is organized as follows: Section 2 introduces some related concepts and previous work. Section 3 gives out our research design. Section 4 presents results and Section 5 discussed them. Conclusion and future work are presented in section 6. [3] . A COTS component is a component that:
Related work
• Isn't produced in or exclusively for the project.
• Can be closed source or open source. If it's opens source software, it's usually treated as if it were closed.
• Isn't a commodity. It's not shipped with the operation system, provided with the development environment, or generally included in any preexisting platform.
• Is integrated into the final delivered system. It's not a development tool.
• Isn't controllable, in terms of provided features and their evolution.
Results of previous studies
Based on case studies, researchers have proposed several formal selection processes for COTS component selection, such as PECA [1] and RCPEP [2] . Generally, the formal selection processes include three basic elements, e.g. selecting evaluation criteria (factors), collecting and assigning values to these criteria, and decision making using formal algorithms. Torchiano et al. [3] did an exploratory study of the COTS-based development in 7 small and medium-sized companies by semi-structured interview, and proposed that "Formal selection procedures are seldom used. Familiarity with either with product or with generic architecture is the key factor in selection." As this study investigated only 7 projects, it is important to do a future and deeper investigation in a larger sample, which includes different kinds of COTS-based development projects to see how COTS components were selected. Our main research question is: 
Research method

Interview guide
We have also used semi-structured interview in this study. The interview guide includes closed questions to characterize the company, project, COTS components, and respondents. It also includes open questions relevant to COTS component selection processes.
To increase the reliability of the survey, we did a pretest and interview guide was revised based on comments from pre-test. In addition, we also added three metaquestions following each question in the new interview guide to evaluate if every concept and question in the questionnaire was clearly defined and easily understandable.
Data collection
Interviews and data collection were conducted by two PhD students from Oct. 2003 to Jan. 2004. They contacted 40 companies, where most were involved in two Norwegian R&D Projects (INCO [7] , and SPIKE [6]) and one EU R&D project (FAMILIES [8] ). 18 of 40 companies had COTS-based projects, but only 13 of them volunteered to join the study. 16 projects were selected from these 13 companies. The total sample was based on convenience.
Respondents were connected by telephone first. If they had relevant COTS-based project, and would like to assign effort to participate in the survey, the interview guide was sent to them a few days before the personal interview to help the respondent to be well-prepared.
Each interview took from 60 to 80 minutes and was taped. The result was transcribed by hearing the tape first. The results of each question were coded according to the research questions. If there was anything unclear in the answer, we sent email or called the respondent again and got the clarification.
Results
Companies
All the companies are Norwegian IT companies. 9 of these 13 are stand-alone companies, with staff size between 5 and 500. The other companies are subsidiaries, with local staff size ranging from 50 to 320. 6 companies are IT consultancies, 5 are software vendors, and 2 are telecom companies.
Projects and COTS components
The company projects were selected by two criteria:
• The project should use one or more COTS components • The project should be finished project and possibly involve maintenance, and several releases. The person-hours used on the projects range from 700 to 128,000. The main development language includes C, C++, and Java. The application domain covers finance, agriculture, telecommunication etc. Some projects used one or two COTS components, others used more. Because of time limitations, we asked the respondents to select maximum three typical COTS component which were used in their projects. Totally, we gathered information about 30 different COTS components in 16 projects. Some of the COTS components are based on standards like COM, CORBA, and EJB, and some of them are C++ or Java libraries.
Respondents
We had one respondent from each of the 16 project. 3 of those were IT managers, 4 were project managers, 5 were software architects, 3 were software developers, and 1 was a software development researcher. 60% of them have more than 10 years of software development experience, 80% of them have more than 4 years working experience with COTS-based development, and 80% of them have a principal degree on informatics or computer science.
Answer of the research question
We found that none of the projects used a formal selection process, i.e. select criteria and calculate a number based on some decision making algorithms. However, it is important to understand the underlying reasons for this phenomenon, before we give any conclusion. Therefore, we investigated why they didn't use a formal process. Each respondent gave one or more reasons for not using a formal process. These are summarized in the following Table 1 . Because the key motivation of using COTS component in the system is to increase time-tomarket and reduce cost, they didn't spend much effort on evaluating the support components by using a formal selection process because it doesn't look cost-effective. Possible alternatives were limited, it was not necessary to use formal selection process (2 of 16).
There are a limited number of candidate COTS components on the market. It is not necessary to use a formal selection process
The processes or methods to select COTS components in these projects are summarized in the following Table 2 .
If the COTS component selection is hands-on trialbased (the second alternative in Table 2 . ), the common process is:
• First, they selected the components by searching the keywords of the required functionality through the Internet.
• If there were many possible candidates, they selected 2-3 of them very quickly based on a brief review on some key issues, such as cost and marketplace trends.
• After a small number of candidate components have been identified, they downloaded a demo version of each candidate from the web and tested these components locally. This selection process is similar to the one proposed by Lawlis et al. [2] . The main difference is that the actual process was much faster and was also experience based. The comments obtained from a newsgroup, from the component marketplace, or from other user of the component dominated the final decision. The selector knew that it was not possible to test the component completely, given the limitation of time and cost. They generally tested only some of the key functionalities and would like to depend on comments from others to evaluate the quality of the components. Therefore, the components with more and better comments in the newsgroup or marketplace bulletin had a good chance to be selected, because they were assumed to be better tested and have generally good qualities.
The respondents of our survey gave the answer of why the hands-on trial was important and necessary:
• They could trust the quality of COTS component only by hands-on trial.
• They learned the COTS components by hands-on trial.
• They tested the support ability of the vendor by hands-on trial.
• They estimated the cost of glueware (code to integrate COTS components) and addware (code to supplement functionalities expected but not provided by COTS components) by piloting.
Discussion
The results give future support to the thesis proposed by Torchiano et al. [3] . However, the results do not mean that formal selection processes are useless. The necessity of using formal selection processes may vary in different contexts. If the project members have sufficient experience with the candidate components, the selection can depend on their experience. If the project members have no direct experience with the candidate COTS components, hands-on trial are crucial for successful selection. This is because lack of access to COTS component's internal implementation makes it difficult to understand and evaluate such component [2] . The experience from other channels (e.g. Internet, partners) can also give valuable references. If the components provide only some support functionality of the product or the number of candidate components is limited, the selection process can be customized to a simple and costeffective one.
The result of our study shows that the COTS component selection processes are not limited to the formal processes. Different projects may use their won customized processes and methods to selection the proper COTS components. The limitations of current formal processes are that:
• Industry practitioners are not familiar with them.
• They are not cost-effective in some project contexts.
The possible treats to validity of this study are:
• Internal validity: The responses to the three metaquestions show that the questions in the interview guide were understood consistently. In general, we think that the respondents have answered truthfully and comprehensively. Listening to the tape also helped ensure correct interpretation of answers and comments.
• Construct validity: We did two rounds of pre-test in ten local IT companies. 10% of the questions and alternatives in the final interview guide were revised based on such comments.
• External validity: The primary threat to the external validity is that the survey is based on few and possible non-representative samples in Norway. Another limitation is that most COTS components in our survey provide only a minor part of the functionality of the whole system, and therefore works as a support part.
Conclusion and future work
This paper has presented a survey on COTS component selection in 16 COTS-base development projects in Norway. The conclusion is that different selection processes can be used for COTS component selection. Processes for COTS component selection process and evaluation should match the motivation of using COTS component, and the context of the project. COTS component selection can be successfully implemented without a formal selection process and decision making algorithm. When there is sufficient previous local and external experience on the specific COTS component, the existing experience can be used to evaluate the components. When it is the first time of using a COTS component, hands-on trials are needed to increase the accuracy and efficiency of selection.
The main limitation of this study is the nonrepresentative of the sample. Future work will extend this survey to more companies and to some other projects with different project contexts.
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